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ABETRACT

The technique of recording stellar scintillations on magnetic
tape has Leen developed to & satisfactory state and is presented as
a potentially useful tool in the study of the atmosphere.

The tool hes been used in & comparison of daytime and nighttime
stellar scintillation, in a comparison of {.e¢ scintillation of double
stars, and in a comparison of stellar scintillation at opposite ends
of the visible spectrum.

The usefulness of "ecintillation moduli ™ to describe numerically
the shape of & scintillation curve is beinq explored, and their appli-
cation to the variation of scintillation with zenith distance and with
telescope uperture has been attempted.

The work on low frequency scintillation variation with telescope
aperture and with zenith distance has been completed and is presented
in tepular form for reference, Theas indicate the order of scintil-
lation that results with a given telescopic system, at & given time of
day, and at a given zenith distance.

The exploratory survey into the nature of image motion has been
completed. The seneral independence of stellar scintiliation and
image motion has been established, snd values of ilmage motion, in
seconds of arc, which might be expected under average conditions have
been determined from memsures made on 1600 movie frames of stellar
imaze motion during the day as well as the nigh*
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PERSONNEL AND ADMINISTRATION '

There vere no chanzes in personnel and the only change in adminias-
tration was the appointment of Mr. Willlem Protherce as sciing Project
Bupervisor during Septemver while Dr. Hynek was in Europe. During
September Dr. Hynek vas officially on leave from the project.

Facilities at the University continie to be adequate for the pro-
secution of this contract vork.

COMMUNICATIONS

A peper on observations establishing the independence.of what is
ordinarily termed %astronomical seeing'' and "twinkling™ or stellar
scintillation, has been accepted for publication by the Journal of the
Optical Society of America. The paper carries the title "Stellar i
Scintil1atTon and Tmage Motion' and the author is Roger Hosfeld. :

Dr. Keller presented a paper, "Experimental Verification of a
Theory of Astronomicsl Seeing:", at the summer meetings of the American
Astronomical Society, held st Boulder, Colorado, August 26-28, 1953.

Dr. Hynek discussed the present studies of stellar scintillation
in progress at The Ohio Btate University with many European astronowmers
and presented talks on this subject at the Btockholm Observatory at
Salts jobaden, Sweden, at Lund Observatory, Lund, Sweden, and at the
University of Helsinki, Helsinki, Pinland.

STATEMERT OF THE PROBLEM
AND METHOD OF ATTACK -

The bagic problem remains the same, the study of the effect of
the atmosphere on celestial imeges (a) to obtain harmonic snalyses of
stellar scintillation und to establish perameters of scintillation
which may prove useful in militery and meteorological applications and,
of course, in the physical study of the stmosphere; (b) to study the
manner in which an image moves, in the daytime as well as st night,
and to establish a correlation, or lack of it, between scintillation
and image motion; and (c} to attempt a theory of atmospheric effects
on the stellar immge.
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BUMMARY OF SIGNIFICANT RESULTS
OBTAINED DURING REPORT PERIOD

1. SCINTILLATION STUDIES

Many significant observational data were obtained during the report
period, ensvliing definiie conclusions rezarding scintillation and fmage
motion %o be drawn, but perhaps the watter of most overall significance
was the estmblishment and "proving-out" by Mr. Protherce of the tech-
nique of recording stellar scintillation on magnetic tape, durinyg both
nighttime and daytime. 1In the matter of a fev minutes, a "scintillogram®
on tape can be obtained which gives & recorlof the stellar scintillations
characteristic of the atmospheric condivions prevailing at that time.

The record can then be "played back' nt one's convenience and a detailed
harmonic analysis wade at leilsure.

JE—Y

The chief advantages of this technique are (1) elimination of
changing atmospheric conditions during an analysis and (2) availability
of as many points on the frequency curve as desired and (3) permanency
of record and aveilahility for re-analysis. Item (1) 1is especially
important. To obtain a large number of points on the scintilletion
frequency curve, such as is necessary in establishing fine structure
along the curve, the time needed to make the analysis directly at the
telescope 1s prohibitive, snd even if the atmospheric conditions remain
identically the same, the zenith distance of the star changes appreci-
ably during the interval of observation. With a tape recording, the
gbservations are made in a mwatter of minutes, but "play-back™ for
couplete analysis can take the better part of the day.

The tape recording technique nowallows an independent approach to
the provlems already investigated by Mr. Hosfeld, who used the much
simpler technique of recording the integrated low frequency scintil-
lations, {0-10 cps) directly on & Brown Recorder. Of greater impori-
ance, the new method allows an analysis of scintillation, frequency by
frequency, and an extension of studies to the higher frequencies.

Previocusly Mr. Protheroe had made harmonic analyses of scintil-
lation, including the higher frequencies, but by the more tedious
methods of direct recording with a wave-mnalyzer at the telescope.

It 1s of interest to list the first applicaticns of the tape
recorder technique:

(1) Comparison of day and night steller ecintilletion
frequencies.

(2) Scintillation frequency curves for components of a j
double star, extending the work of Hosfeld on thr
incoherency of double star twinkling. I

—
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(3) S8eintillation trequency curves for red and violet
portions ot the spectrum.

(k) Estaoslishment of varlation of scintillation moduli
with zenith dictance.

(3) variatlon of scintillation moduli with telescope
aperture.

(6) Comparison of star-planet scintillation frequencles.

A lerge part of the materisl in the above ltems comprises oriiinal
vork and some is supplementary and confirmatory to work done previously
here or slsewhere.

Before discussing the above itews, it will be best to present in
outline form also the significant results obtained during the report
period. .

Since Mr. Hosfeld 1s to be transferred to another project as of
November 1, he devoted a considerable portion of this time to the re-
duction and compilation of results obtained on the present project.
These results are two-fold: those concerning low-frequency scintil-
lation (0-10 cps, in terms of per cent of mean dc signal from the
star) of atars during the day and the night, as functions of zenith
distance and telescope aperture; and those ¢oncerning the wotion of
the astellar image. '

It can be stated that the investigation of integrated low frequency
scintiilation of stars with respect to star elevation, star color, time
of day, and telescope aperture is now essentially completed. Functional
relationships have been established to & good degree of finality. Photo-
electric techniques were employed in the above. It is felt that addi-
tional work on these topics will produce little that is new.

In the second branch of this work, carried out by motion picture
photography, & survey of image motion has been completed. Because of
the time-consumming observationsl work, it has been impossible to ex-
tend image motion work to correlations with zenith distance, telescope
aperture and star color. However, spot checks have been made which
indicate the nature of the variation to bo expected.

The scintillstion and the lmage motion studies have established
beyond all reasonsble doubt that the two (scintillation and motion)
should be regarded as essentially independent parameters of image
behavior.




Returning now to & brief discussion of the individual items
coverad above:

{(a) In Fig. 1 typical daytime and nighttime scintil-
lation-feyguency curves arc contrasted. These
extend to higher frequencies, the unpublished
observations of Hoafeld (for 0-10 cps) that, as
a general "rule-of-thueh ", maximum dsytime
scintillation is nearly twice as great as nighttime
scintillation. Theee scintillation curves rep-
resgent the first records made by magnetic tape
of stellar scintillation. Previously Mr.
Protheroe had made daytime and nighttime measures
using a wave-analyzer directly at the telascope.

(b) Analysis of tapes recordinga of the combined scin=
tillation of the components of a double star are
shown in Fig. 2. The cbaerved curve ls compared
with two computed curves, one on the hypothesis
that the double star components scintillate co-
herently, and the other that the scintillation
of each of the components is random.

Mr. Protheroe cbserved each component of the double star separately,
and theun in combinstion. Tre scintlllation data for the sepsrate com-
ponents were combined as though the star scintillated in phase and st
random, respectively., These two computations (top two curves on Fig. 2)
vere then compared with the lowest curve which represents the scintil-
lavion arising from both components simultaneously, as observed at the
telescope. The latter agrees most closely with the "random™ hypothesis.
This result confirms findirgs on the components of Castor (separation
27.6) of Tosfeld* who employed essentially the same reasoning but used
the integrated scintillation (0-10 cps) technique. Protheroe's results
favor the hypothesis of incokerency over the entire frequency range.

(c) The phenomenon of twinkling in color, shown to
the unaided eye by stars close to the horizon,
clearly indicate that, at least in certaln in-
stances, scintillation is not color-coherent.
This has not, as yet, been establisched for small
zenith distances, an important point, since obvious
(to the eye) color scintillation disappears at
zenith distance less than 45 degrees.

A related quesiion is whether the time-.integrated scintillation
curves are Jdentical in different colors. Tape recordings of stellar
scintillation made throush red and ultraviolet filters, using a 12.5
inch aperture, have been snalyzed and vepresentative results are shown

—KProJect Report Ho. 7 {July 25, 1953)
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mivi 4. Fi:. 3 concerns the twiakling of Vegs when very close
v, Fio.o b thot @ Arctorus at a zenith angle of 60°.

Tiere ig no marked difference ln the shapes of the scintillation '
curves in the two colors, elther for small or large zenith dictances.
It appesrs, thercfore, that whether or not instaniancous lncoherency
in color seintillation occurs near the venith (as we know it does at
large zeudth distances) there is no overaill difference in the scintil-
iation of a star in different colors, regardless of 1ts zenith distance,

for large apertures.

(4) 1In order to describe how scintillation curves
vary with the several parameters, e.g., zenith
distance, Protherce has adopted "scintillation
moduli®, as indices of scintillation, to char-
acterize the shepe of a scintillation curve.

The scintillation wodulus as defined at present is the ratio of the
average per cent sine wave modulation 1n a given frequency range to that
in the frequency range 2.5 to 10.5 cps. The frequency ranges in the
oumeérator of this expression have been chosen as 10 to 50 cps and 50 to
LOO cps respectively for the purpose of conducting a preliminary study '
of their usefulness as an index of the shape of the curve. :

It should be emphasized that the scintillation modulus is a measure :
of the shape of the scintillation curve, and not of the emount of scintil-
lation. TEua Fig. 5 indicates the change in shape of the scintillation
curve with zenith distance without reference to the amount of scintil-
lation within selected frequency ranses with zenith distance.

in Pig. 5 and G the open circles represent nighttims observations
and filled circles the daytime observations. In Fiz. 5 it is clear
that there is in general no change in the shape of the scintillation
curve from day to night, whereas Fig. 6 indicetes that there is an
increase in the amount of scintillation from night to dey, even though

the acatter is large.

(e} Fig. 7 shows, in passing, another type of measure-
ment made with the tape technique, that of compar-
ing scintillation fx,m a star with that from a
planet. This type of coumperison, however, has been
done previcusly, by our observers and by other
investigators. The results here are confirmatory.

(f) Purther tape recordinis of scintillation were wade

to supplement previous work, here and elsewhere, on

the effects of decressing aperture upon the nature

of seintillation. Circular apertures alone are re- |
ported here, altihoush work is in progress on the use f
of rectanzular slits in various orientations. The }
tape recordings were confined to observations at the |

zenith.

I
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¥Fioo v preserts some of the resalts relating sciatillation and
rdg cover relatively fow observocions but are
1

v oved Lo v charactoriatic,

Aperieee The 1o

in PFis. 9, relative seintillation with aperture is given. This
‘raph, whizh presents the data in ratic form, ghoula be compared with
tue preced!ng one, which presents the date in terms of actual scintil-
iation. The data of both srapht reprecent observations on five nipghts.

These tape resording studies of scintillation ss a function of
aperture supplewent, end extend to hisher frequencies, the studies
recently completed by Hosfeld (shortly to be published in a Scientific
Report) in the 0-10 cps region. A short resume” of Hosfeld's aperture
studies will be piven here in Fiz, 10 and in Tables 1 and 2.

tiosfeld's studies correlate low frequency scintilletion with vary-
ingz aperture mnd zenith distance while Protheroe's work extends to all
freguencies but 80 {ar has been confined to the zenith. Hosfeld's
values, 1n addition, cover the entirc 24 hour period.

For purposes of comparison with Fig. 9, there is given in Fi,. 10
Hosfeld's reeults for the zenith only. The observations cover an ex-
tended period of time. This is important when one notes that relative
scintillation with aperture may also be & function of the character of
the turbulenee pattern causing scintiliation on a zgiven day.

The dotted line in Fig. 10 indicates the increase in scintillation
to be expected if it varied inversely as the aperture. The observed
curve differs markedly from this, the greatest deviation occuring at
the smallest apertures. N

Fig. 10 should be cumpared directly with the open-circles curve
of Fig. 9. 'The results show zeneral agreement. PFurther observation
is necessary to determine whether the remaining minor discrepancy is
a function of the twc widely different %techuniques or observation or
of the atmospheric conditions under which they were taken.

Turning now to ancther dimension, Teble 1 zives the measured values
of per cent scintilletion for four apertures (12-1/2, 5, 3, and 1 inches)
at five zenith distances (0, 30, 45, $0, and 70 derrees), and Tavle 2
presents the same reculis in ratie form. A1l values are representative
mid-day values; nighttime velues are generally one-half the daytime
values. Per cent scintillation Is defined as the average peak-to-peax
seintillation as measured on the Brown Recorder in the integrated
region, 0-10 cps, expressed as a per cent of the mean de stellar signel.
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TAB

LE 1

fa
o
y

S8TELLAR SCINTILLATION, 0-10 cps (PER CERT OF MEAN dc STELLAR SIGNAL)

Zenith Distance of Star

Aperture of Telescope (circular)

Devrees 12-1/2 inch o inch 3 inch 1 inch
0 19 3 51 63
30 ol b1 <0 Th
by 31 50 68 90
00 50 75 95 125
70 85 120 145 -
TABLE £

INCREASE OF SCINTILLATION OVER FULL 12.5 INCH APERTURE

Zenith Distance of Btar

Aperture of Telescope {circular)

Degrees 6 inch 3 inch 1 inch
0 1.8 2.7 3.3
30 1.7 2.5 3.1
L5 1.6 2.2 2.
60 1.5 1.9 2.5
10 1.4 1.7 -
{

The factors in Table 2 prove to be ind: pendent of the time of day,
i1.e., a8 5-inch aperture at 45 degrees genith distance can be expected to
sive 2.2 times as much scintillation es the 12.5 inch aperture, regard-

less of time of day or night.
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. IMIGE MOYTION STUDIeS

A se~ond phase of the work done L, Mr. Hosleld, has now also been
sompletes. This 1s & motion pilcture study of fwn;e wotion.

The photocell 1r admirably sulted for scintillation studies but
for studies of the mntion of the imae the motion picture camera is
1ar Leibles.

In previowa reports, accounts of the progress of this work has
been piven (see eapecinlly Progsress Report No. 7). Mr. Hosrfceld has
heen cvollating this material on the subject, with the express purpose
of summarizin: his raosults on the total amount of jiwagze wotion to be
expected.

Unrortunately, uwuch more labor is required to obtain exact function.
al relations between image motion and time of day and zenith distance
than between these psrsmeters and low frequency scintilistions. Time
has not permlitted a long investi:ation of imaize motion. Nevertheless,
Table 3 presents the analysis of 1L0C motion picture framss. Each entry
represents a summary of image wotion measures on 100 frames. The two
columns are, respectively, the total range of motion (iu scconds of erc)
shown by the imgge in 100 frames, taken at sbout 1 frame per second, and
the meon wotion of the image if the ten per cent of frames showving great-
est deviation, and the ten per cent showing the least motion are neplect-
ed. That 18, the second column is a measure of the image motion to be
expected generally, with the "high'" and "low™ frinres omitted.

e

TABLE 3
Time Date gtar Total Range "Averapge Motion”
Siths AM 2G Scptemwber  Castor 3.5 2.2
7:15 A.M. 2h September  Capella 5.8 3.2
9122 A.M. 29 September  Castor 7.1 3.6
9:3% AM. 1 Beptemher {Capella 3.3 2.0
10:30 A.M. 29 August Capelia 5.8 3.3
10:h45 A.M. 30 August Capella bk 2.
1:15 P .M. 2ii September  Arcturus 5.6 3.4
2:35 P.M. o September  Aroturus 10.1 5.0
3135 P.M. 1 October Vepa 5.3 !
%110 P.M. 1 Qctober Arcturus .7 3.5
6310 P.M. 29 August Arcturus 3.4 1.2
6140 PM, 29 Augiast Ve.a .1 1.2
§:20 P.M. 7 September Vega 2.6 1.9
B3k P.M. 7 September  Arcturus 6.0 2.5
10:40 p.M. 8 Septemner Vega 9.1 2.
10:50 P.M. 20 August Yega 5.4 2.9

. —




A1) chservations were wade at zenivh dlatances of approximaiely
50 de jrees except the evening observetions of 7 September. In that é
cnge Vern was iess than Uive degrees from the zenith and Arcturus was .
t,5 devrecs away. It appears, from limited evidencs; that image motion
does not obey the same law of increase witn zenith distance that
scintilliation does.

It should be pointed out that two 3-inch apertures scpsrated by
inches ¢enter-te-center were used in studying image motion. kach
inch aperture forms its own atellar image and when exaained out-of-
focus (as in the Hartman test), the twvo separated images can be aeen
describing relatively independent motions. These independent motions
result in fairly rapid changes in image spacing, being sometimes cloue
together, sometimes widely separated. Photographs of 1/25 second ex-
posure time were taken at 1 to 2 second intervals until 100 samples of
the iwmage separation were obtained for each run.

9
i

These 1Q0 separastions vere then messured to the neareat 0.1 second
of arc and the resulting frequency distribution and cumulative frequency
distribution were plotted for each run as illustrated in Fig. 1ll.
Circles and crosees represent independent measures on the same dats.

If the incident wevefront at the telescope were undisturbed, all image
pairs would have the saue spacing, but if the wavefront is distorted
by its passage through the earth's atmosphere, and if that distortion
is changing rapidly, the separations will be different from photograph
to photograph, with the degree of distortion being reflected in the
spread of observed image separations. Ivwo measures of this apread of
separation values are given in Table 3. The first meagsure is the total
range over which the spacing changes; e.g., if the closest psir of
imagzes shows L4 seconds of arc sepsration end the greatest spacing is
10 seconds of src, the range, or total change in separation, is 6
seconds of arc. Bince this criterion is determined by the two extreme
values obtained during the run of 100 observations, & single fortul-
tously large or small value might give a range which would not be
representative of the entire run. For this reason a second measure of
the spread is included, obtained from the cumulative {requency plot,
which is the separation al the 90th percentile minus the separation

at the 10th percentile. This particular choice of values was dictated
by the fact that the lower upper and upper lower ®wings" of the
cumulative frequency plot vegin to flatten at about the 10th and 90th
percentile reapectively so that these values sv& relatively stable and

yvet include the bulk of the observed spacings (80%).

It chould be noted that the number of seconds of arc over which an
image in a 3 inch telescope cen be expected to wove is about one half
of the value reported in the "range" column, since the closest spacing
of the images can oe expected when both move toward esch other by the
maximum amount of individual wotion and the farthest spacing when each
moves avay by the maximum displacement.

bt e . _
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a9
A
HSlmilerly, for telescoves ol larsge averture where the individual
portions of the total image are subject bo the displacements meacured
Ly the two ? dnch avens, the fmaze will be spread over an aren half the

diareter of the values reported in Tavle 3.
FUTURE WORK

Under the limited extenslon of the present contract, effective
Dctober 1, 1953, Mr. Protheroe 13 to carry on and complete his present
prograim o7 tape recording of stellar sciantillation with the purpose of
"tyin: down'' quantitatively the varietion of scintillation frequencies
with zenith distance, time of day, and general meteorological conditions.
Mr. Protheroe will also examine a series of scintillation curves for
"fine gtructure™; that is, for periodlcities or prefereutisl frequencies
in stellar scintillation.

At the close of the extended contract 1t is hoped that the tech-

nique of magnetic tape recordin; of stellar scintillation will have
been estaviished as a standard and usable adjunct to atmospheric studies.

Investigator ... .. . . e Date. ... i e

Supervisor _Date.. ..

¥or The Ohio State University Research Foundation

- +

.t’ vt i f ) /
Fxecutive Director S T e : Date ! 7
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PLEASE RETURN THIS COPY TO: %_ A .
ARMED SERVICES TECHNICAL INFORMATION AGENCY , S

DOCUMENT SERVICE TENTER , ¥

Knott Building, Dayton 2, Ohio o B,
Bucause of our limited supply you ara requested to retum |
thiz copy as soon os it has served your puiposes so that 6.
it wmoy be moede avoiloble to others for reference wie. ‘
Yowr cooperation will be cppreciated. 7
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NOTICE: WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTHER DATA
ARE USED FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY RELATED
GOVERNMENT PROCUREMENT OPERATION, THE U. S. GOVERNMENT THEREBY INCURS

NO RESPONSIBILITY, NOR ANY OBLIGATION WHATSOEVER; AND THE FACT THAT THE
GOVERNMENT MAY HAVE FORMULATED, FURNISHE., CR IN ANY WAY SUPPLIED THE

SAID DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO BE REGARDED BY
IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR ANY OTHER
PERSON OR CORPORATION, OR CONVEYING ANY RIGHTS OR PERMISSION TO MANUFACTURE,
USE OR SELL ANY PATEN’"ED INVENTION THAT MAY IN ANY WAY BE RELATED THERETO.
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DEPARTMENT OF THE AIR FORCE
AIR FORCE RESEARCH LABORATORY (AFMC)

MAR 15 2000

MEMORANDUM FOR DEFENSE TECHNICAL INFORMATION CENTER (DTIC)
ATTN: DTIC-RS
8725 John J. Kingsman Road, STE 0944
Fort Belvoir, VA 22060-6218

FROM: AFRL/VSIM
29 Randolph Road
Hanscom AFB MA 01731-3010

SUBJECT: Distribution Statement Change
1. The following documents have been reviewed and it has been determined that the distribution statement

is no longer appropriate. The documents are Progress Reports 1 through 8 under Contract No. AF19(604)-
41, Ohio State University Research Foundation, Columbus, OH.

a. Document No.: AD 000014
Title: Fluctuations of Starlight and Skylight
Date: 15 Mar 1952
Classification: Unclassified

¢. Document No.: AD 000066
Title: Fluctuations of Starlight and Skylight
Date: 25 Jul 1952
Classification: Unclassified

d. Document No.: AD 005282
Title: Fluctuations of Starlight and Skylight
Date: 1 Nov 1952
Classification: Unclassified

e. Document No.: AD 010919
Title: Fluctuations of Starlight and Skylight
Date: 24 Feb 1953
Classification: Unclassified

f. Document No.: AD 021921
Title: Fluctuations of Starlight and Skylight
Date: 15 May 1953
Classification: Unclassified

g. Document No.: AD 021922
Title: Fluctuations of Starlight and Skylight
Date: 25 Jul 1953
Classification: Unclassified



h. Document No.: AD027024
Title: Fluctuations of Starlight and Skylight
Date: 23 Nov 1953
Classification: Unclassified

2. Request these documents be assigned Distribution “A” Statement. These documents
have been reviewed and cleared for public release by ESC/PA.

3. This action is in response to FOIA 2000-33.
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'NOREEN DIMOND
STINFO OFFICER

8 Attachments:

Rpt #1 (cover) (ESC 00-0346)
Rpt #2 (cover) (ESC 00-0347)
Rpt #3 (cover) (ESC 00-0348)
Rpt #4 (cover) (ESC 00-0349)
Rpt #5 (cover) (ESC 00-0350)
Rpt #6 (cover) (ESC 00-0351)
Rpt #7 (cover) (ESC 00-0352)
Rpt #8 (cover) (ESC 00-0353)
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